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Continuous long-term monitoring of aquatic systems is important for understanding their com-
plete evolution in order to monitor changes in the trophic status and water quality. The conti-
nuous monitoring during a period of 20 years, by sampling once a month at two locations, the wa-
ter quality of reservoir “Grlište”, which is used for the water supplying town Zaječar (Eastern Ser-
bia), is observed and developmental stages in the life of the reservoir were determinated. It 
should be noted that the obtained results were used also in the purpose of finding a cause of cya-
nobacteria bloom, as a consequence of algal production. Limiting factors of algal production usually 
were nitrogen and phosphorus, however, in this study, obtained results of subtraction between 
trophic state index, calculated through total chlorophyll a (TSIChl-a) and trophic state index, calcu-
lated through total phosphorus (TSITP), indicated that limiting factor of algal production was light. 
On the basis of the concentrations of dissolved oxygen (DO), total phosphorus (TP) and chloro-
phyll a (Chl-a) in the surface and in the bottom, it was concluded that the reservoir passed through 
four development phases during the examined period. Results of long-term monitoring showed 
that in the first years after the formation of the reservoir, the highest trophicity was detected (hy- 
pereutrophic status), but later the reservoir mostly maintained eutrophic status. 
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Negative anthropogenic influences, supported by an increase in temperature, due to global climate changes af-
fect the increase in total organic production and the level of saprobity, which directly reflects on the occurrence 
and dynamics of their trophicity [1] [2]. In most cases, reservoir is considered as a physical object, from hydro-
constructional and hydrogeological aspect, and its geographical position and ecological-biological aspect are 
being neglected. 
Filling phase of reservoir is characterized by low water quality and reduced transparency, which occur due to 
rising of suspended particles and inundation of soil [3] [4]. After the filling phase, the transparency of water in 
the reservoir increases, and after this period, the trend of decreasing water transparency is an indicator of the 
progressed eutrophication [5]. This kind of occurrence can be linked to an exuberant development of macro-
phytes, which contributed to higher transparency of water in the reservoir [3] [6]. In fact, macrophytes “clean 
the water” by reducing the amount of suspended particles and TP in the water column [7]. Also, the values of 
Chl-a concentrations, parameter which indicates the biomass of phytoplankton, are the highest after formation of 
the reservoir, which is in compliance to the theory of the reservoir’s aging [3] [4] [8]. It is confirmed that the 
biomass of phytoplankton in fresh water lakes on certain occasions can be limited by light [9] [10]. Increased 
load of sediments and water with nutrients from tributaries, can largely affect the appearance of eutrophication 
and cause negative ecological effects on the recipients in the form of algal bloom and reduction of DO [11]-[14]. 
However, during the aging of reservoir, due to the increase in temperature of water at the bottom, the reduc-
tion conditions occurred, which caused the elution of phosphorus and ammonia in the water column [13] [15] 
[16]. The undesirable changes that may occur in water systems can be perceived on the basis of long-term mon-
itoring of nitrate contents [13]. In addition to the usual parameters that characterize water quality of reservoirs, 
dynamics of trophicity can be estimated on the basis of the values of the parameters: Chl-a, transparency, as well 
as trophic state index of Carlson (TSI) [17]-[20]. Regardless of the increasing dynamics of trophicity, due to the 
impact of global climate change, long-term water supply programs are based on the building of large number of 
reservoirs. 
By program of long term water supply of the Republic of Serbia, building of a larger number of reservoirs is 
planned for the needs of water supply and energetics as well. So far, in the Republic of Serbia more than 150 
reservoirs have been built. In larger number of reservoirs, an accelerated process of eutrophication was detected, 
but small number of studies dealing with long term dynamics of reservoir trophicity was published. Reservoir 
“Grlište” is among more significant reservoirs on the territory of the Republic of Serbia and it is examined on 
several occasions [21]. 
Reservoir “Grlište” was built in 1989 by constructing a dam on the Grliška River for water supplying the 
town Zaječar and surrounding settlements (Eastern Serbia). Natural and anthropogenic influences give it the 
characteristics of an unstable aquatic system, in which eutrophication processes dominate. Eutrophication pro- 
cess of reservoir Grlište is becoming more actual, after frequent water blooms, significant amounts of cyanotox-
ins and consumers complaints about the smell of drinking water. This kind of problems required the identifica-
tion of the cause which leads to degradation of water quality in the reservoir and factors which have long term 
effect on its trophicity. 
2. Materials and Methods 
Reservoir “Grlište” is located at 187 m above sea level, between mountain Tupižnica in the southwest and ra-
vine of Zaječar in the northeast, upstream from the mouth of the Grliška river in Beli Timok (Eastern Serbia), 
which is shown on Figure 1. It stretches in the range of 28.5 km covering the area of 250 ha. Average water 
depth in the reservoir is 6 m, and maximum depth is 22 m at a point just before the dam (place of water intake). 
Maximum volume of water in the reservoir is 12,000,000 m3, and average time of water retention in the reser-
voir is about 82 days. Reservoir receives water from a hilly basin, area of about 178 km2, and two tributaries 
which supply the reservoir are the Lenovačka river and Lasovačka river. Basin is located in the area with dis-
tinctive continental climate, with average annual amount of precipitation for the basin of 666.4 mm. Area of ba-
sin reservoir can be considered as an agricultural region and it is threatened by erosive processes. Over time re-
servoir has become polyfunctional, even though its main purpose in the phase of projecting, building and filling 
was water supplying. 
According to the plan and program of water quality management, in the period of 1991 to 2010, once a month,  




Figure 1. Reservoir Grlište with sampling point. 
 
sampling of water was conducted from the reservoir Grlište. In the reservoir, sampling was conducted by a ver-
tical profile at the middle of the reservoir at point 2 and at point 1 at the place of water intake (Figure 1). At 
both places, the sampling was conducted by the height of a water column at the surface (0 m), 3 m, 5 m and 10 
m depth and also at the bottom. At a sampling location, the temperature measurement was conducted, as well as 
pH value of water and transparency, using Secchi disc [22]. Samples for chemical analysis of water were col-
lected in plastic bottles volume of 1 L. In laboratory conditions, TP [23], and Chl-a, after filtering and acetone 
extraction [24] were determined spectrophotometrically on the spectrophotometer (Perkin Elmer, λ25/35/45 UV 
Vis). Ammonia nitrogen (NH4-N L−1) were determined using ion chromatography [25]. Content of DO was de-
termined by iodinemetric method [26]. 
The trophic state index of Carlson [27] was calculated on the basis of the values of water transparency meas-
ured by Secchi disc (TSISD), surface values of Chl-a (TSIChl-a) and total phosphorus (TSITP), according to Equa-
tions (1-3). Values of trophic state index of Carlson were considered in the range from 0 (ultra-oligotrophic sta-
tus) to 100 (hypereutrophic status). 
( )TP averageTSI 14.42 ln TP 4.15= ⋅ +                                (1) 
( )Chla averageTSI 9.81 ln Chla 30.6= ⋅ +                              (2) 
( )TP averageTSI 60 14.41 ln SD= − ⋅                                 (3) 




TPaverage—is the average value of TP in the water column (µg·L−1); 
Chl-aaverage—is the average value of Chl-a in the water column (µg·L−1); 
SDaverage—is the water transparency measured by Secchi Disc (m). 
In the period from April to October (during the vegetation season) throughout the examined period in the du-
ration of 20 years, the obtained values of the examined parameters were statistically processed using basic indi-
cators of descriptive statistics (arithmetic mean, median, minimum and maximum) using statistical program 
(STATISTICS 10.0). 
3. Results and Discussion 
Continuous long-term monitoring of water systems is significant for perception of their complete evolution, as 
well as for solving eventual problems, in relation to water quality. Importance of this study is that much greater, 
because the changes of chemical parameters and Chl-a were monitored by vertical and horizontal profile. 
Long-term dynamics of trophicity of the reservoir is perceived in adequate way, given that the monitoring in-
cluded long enough period, from the filling of reservoir, until the end of the the examined period, 2010. 
The lowest average values for water transparency (1.1 m) were after the reservoir filling, due to the rising of 
suspended particles due to the inundation of soil. Commonly, the transparency of the water in the reservoir de-
creases in time, however, in this study, the value of the water transparency in the reservoir Grlište was not de-
creasing, but, on the contrary, it was getting higher. The increasing trend of transparency is noticed at both 
points, during the entire examined period, which is shown on Figure 2 for point 1 and point 2. This kind of oc-
currence is linked to an exuberant development of macrophytes [6] which contributed to higher transparency of 
water in the reservoir. In fact, macrophytes “clean the water” by reducing the amount of suspended particles and 
TP in the water column. 
Low concentrations of oxygen in water in the first months after filling the reservoir can be explained by oxy-
gen consumption, due to oxidation of organic matter which entered the water after the inundation. This occur-
rence is more distinct at point 1 where it lasted longer, because of insufficient mixing of surface water with the 
 
 
Figure 2. Average annual values of water transparency at point 1 and 2. 
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water from the bottom, due to larger depth, where water depth reaches 20 m. After the reservoir formation, con-
centrations of DO at the surface initially decreased, then increased, and by the end of the examined period re-
mained approximately at the same level. The exception in this period is the year 2006, in which average values 
at the surface were slightly higher (more than 18 mg O2 L−1). Average annual values of the concentration of 
dissolved oxygen up to 3 m depth showed similar movement dynamics at sampling places at point 1 (Figure 






Figure 3. Average annual values of DO concentrations in water at (a) Point 1; (b) Point 2. 
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these two points at a longitudinal profile of the reservoir were far more distinct. At point 1, value of oxygen 
concentration (with the exception for the year 1991 and 1994 when it was 4 mg·L−1), was below 2 mg·L−1, and 
in 2002 total absence of oxygen was registered in the period from July to October. At point 2, the oxygen con-
centrations at the bottom, in the first three years since the formation of the reservoir, were slightly below 6 
mg·L−1, and then until 2006 it was in the range from 6 to 10 mg·L−1. Until the end of the examined period, at 
this point average concentrations of oxygen below 2 mg·L−1 were registered. This can be explained by a massive 
development of phytoplankton, which causes the hypersaturation of surface layers with oxygen, while the death 
of algae leads to oxidation of deposited organic matter and reduction of values of oxygen concentration at the 
bottom. This process was continuing during 2007 and in 2008, when the water level in the reservoir was dropping. 
The highest values of TP, at the bottom and at the surface, were registered in the first years after the reservoir 
filling, while later, only in certain years they reached high values (during the year 2001 at the bottom at point 2 
and in the years 2002, 2003 and 2008 at the bottom at point 1). At point 1 (Figure 4(a)), significant oscillations 






Figure 4. Average annual values of TP concentrations in water at (a) Point 1; (b) Point 2. 
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Simultaneously, with the increase in content of phosphorus, content of ammonia had also risen, due to the 
creation of reduction conditions at the bottom, which was very distinctive at larger depths (point 1). Average 
annual concentrations of ammonia nitrogen had been increasing from the surface to the bottom at both analyzed 
locations in the reservoir. Concentrations of ammonia nitrogen nearby sediments showed twice higher values at 
point 1, compared to point 2 (Figure 5(a) and Figure 5(b)). This occurrence was confirmed by the absence of 






Figure 5. Average annual values of ammonia nitrogen concentrations in water at (a) Point 1; (b) Point 2. 
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Obtained maximum values of TP at the bottom were conditioned by increase in temperature of water at the 
bottom, which caused the elution of phosphorus in the water column. Increase in values of TP at point 1, com-
pared to point 2, was followed by low values of oxygen concentrations. So in the year 2001 at point 2, and in the 
year 2002 and in 2008 at point 1, increases in TP concentrations at the bottom were detected and they were fol-
lowed by an increase in temperature of water at the bottom. The average temperature values of water had been 
decreasing by depth, at both sampling places, and lower temperatures at the bottom were registered at point 1 in 
relation to point 2, due to greater depth. The highest average temperature of water at the bottom at point 2 was 
registered in 2001 (12.6˚C), and at point 1 in 2002 and in 2008, when its value was more than 10˚C. During 
summer period and at the beginning of autumn, there has been a warming of the surface layers of water, and the 
bottom of the reservoir remained isolated from the epilimnion. Stratification is especially distinct in the years 
when flow rate in tributaries intensively decreases, and time of water retention in the reservoir is prolonged, 
which was registered in 2002, when one of the tributaries (Lenovačka river) dried out during summer months. 
The values of Chl-a concentration, parameter which indicates the biomass of phytoplankton, were the highest 
after formation of the reservoir, which is in compliance to the theory of the reservoir’s aging. After the inunda-
tion of soil, amount of nutrients (P and N) in water was high, which along with the absence of zooplankton pre-
dation causes the massive development of phytoplankton. In the first years of reservoir’s life, the highest aver-
age values of Chl-a concentration per vertical profile of both points, to a depth of 5 m depth (Figure 6(a), Figure 
6(b)) were recorded. Since then, until the end of the examined period, a clear trend of decreasing Chl-a in water 
can be noticed. 
The development of a zooplankton community occurred with the reservoir’s aging, so the biomass of phytop-
lankton was getting smaller. This shows that the reservoir in the period from 1990 to 1992 went through its first 
development phase (phase of filling), which is characterized by an increased trophicity, and high average value 
of nutrients. In the phase of filling it comes to a releasing of nutrients from flooded soil, which was confirmed 
by high content of TP in the autumn of 1991 (2 mg·L−1). In this period, decrease in values of DO concentration 
was registered at the surface (Figure 3(a)) and at the bottom (Figure 3(b)). The trophic state index of Carlson, 
calculated on the basis of TP, has higher values, compared to the trophic indexes calculated using concentration 
of Chl-a and transparency (Figure 7). On the basis of the values of TSITP, it can be concluded that the reservoir 
was hypereutrophic in the first two years since its formation (1991-1992), eutropho-hypereutrophic in the period 
from 1993 to 2001, and highly eutrophic from 2002 to 2010. If a criterium of trophicity concentration of Chl-a is 
taken and converted to TSIChl-a index, it can be concluded that the reservoir in the year 1991 was hypereutrophic, 
then until 2001 it was eutrophic, and in the following years its trophicity was on the limit between mesotrophic 
and eutrophic status. It is important to point out that in November 2002 average annual value of index TSISD was 
higher than TSITP and in that time intensive bloom of cyanobacteria species Aphanizomenon flos-aquae was 
registered and water transparency was only 0.2 m. 
On the basis of the obtained values of DO, TP and Chl-a concentration, at the surface and at the bottom, at the 
water intake (point 1), other development phases in the life of the reservoir can be isolated (see Figure 8). 
The second development phase in the life of the reservoir, which lasted from the end of the year 1992 to the 
end of 1996, was characterized by maximum value of Chl-a concentration, as a consequence of a massive de-
velopment of phytoplankton. At the beginning of this phase, at the bottom at point 1, low concentrations of DO 
were registered, with the exception of slight increase in the year 1994 after which the concentration decreased 
below 2 mg·L−1, which lasted until the end of the examined period. In the third development phase of the reser-
voir, which lasted from the 1996 until the half of 1998, there had been a decrease in TP and mild increase in the 
concentration of DO at the bottom. Increase in the content of TP at the bottom of the water intake, characterized 
the beginning of the last development phase (fourth) which lasted until the end of the examined period. This 
phase is characterized by problems regarding the sensor characteristics of quality of drinking water, due to the 
consumer’s complaints. Therefore, there is a need for finding the solution for these problems and their adequate 
rehabilitation. In this period, low water level in the reservoir was detected, as a consequence of reduced water 
from tributaries, which led to development of stratification in warm months. Appearance of stratification 
presents one of the most significant factors which cause the cyanobacteria bloom [28]. The water level in the 
reservoir during the examined period varied up to few meters, and the lowest values were registered in 2002 
(depth: 18.8 m) and in 1993 (depth: 19.7 m), which is graphically presented on the Figure 9 at point 1. 
Consumer’s complaints, regarding the products of decomposition of blue-green algae, were confirmed direct-
ly by their qualitative analysis. In summer months in 2002, one of the tributaries dried out (Lenovačka river), 







Figure 6. Average annual values of Chl-a concentrations in water at (a) Point 1; (b) Point 2. 




Figure 7. Average values of trophic state indexes TSISD, TSIChl-a and TSITP. 
 
 
Figure 8. Development phases in the life of Grlište reservoir. 




Figure 9. Mean values of water depth in the reservoir at point 1. 
 
which caused lower inflow of water into the reservoir, extended its retention time and created the conditions for 
a massive occurrence of cyanobacteria with the domination of the species Aphanizomenon flos-aquae [29]. In 
2006, the odour of drinking water which reminded on the smell of rot and mold was occurred. Given the fact 
that occurrence of bloom was not registered in that year, that is most probably the consequence of insufficient 
knowledge of the cause of degradation of water quality in the reservoir and inadequate frequency of biological 
monitoring. 
In the examined period, the values of trophic status were higher, determined on the basis of TP (TSITP), com-
pared to classification according to biological trophic state index (TSIChl-a). It is known that the deviation be-
tween trophic indexes of Carlson indicates the degree of nutrient limitation [17] [30]. Therefore, the subtraction 
of indexes TSIChl-a − TSITP < 0 indicated that phosphorus was not a limiting factor of algal production, which is 
confirmed by the absence of correlation between them (r = 0.077, p = 0.350, n = 149). Since it was showed that 
phosphorus was not a limiting factor of algal production, than the light was probably a limiting factor for the al-
gal growth in the reservoir. On the other hand, a significant correlation between indexes TSISD and TSIChl-a (r = 
0.50, p < 0.001, n = 117) was obtained, which indicates that the water transparency of the reservoir Grlište was 
mostly caused by density of phytoplankton. 
4. Conclusion 
The long-time monitoring of reservoir Grlište has shown that changes of water quality and level of trophicity, 
above all, are the consequence of synergy effect of negative climate and hydrological regime of the reservoir. 
Lowering the water level in the reservoir led to the occurrence of summer stratification and suitable conditions 
for development of cyanobacteria, and thereby to prevent deterioration of drinking water quality, it is necessary 
for breaking the summer stratification. The most suitable method for this is the application of aeration. On the 
basis of the obtained concentration of examined nutrients, primarily TP, DO and Chl-a in the water, it was con-
cluded that the reservoir Grlište from its formation, to the end of the examined period, was characterized by four 
development phases. In the last, the fourth phase, the accumulation was eutrophic, and the cyanobacterial blooming 
was appeared, representing the indispensable urgent measures of rehabilitation. 
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